Objectives: To explore the activitystat hypothesis in primary school children by asking whether more physical activity (PA) in school time is compensated for by less PA at other times. Study Design: Observational, repeated measures (four consecutive occasions over a 12-month period). Setting: South-west England. Participants: A total of 206 children (115 boys, aged 8-10 years) from 3 primary schools (S1, S2 and S3), which recorded large differences in PA during school time. Measurements: Total PA (TPA) and its moderate-and-vigorous component were recorded weekly by accelerometry, in school and out of school, and adjusted for local daily rainfall and daylight hours. Habitual PA was assessed by linear mixed-effects modelling on repeated measures. Results: S1 children recorded 64% more in-school PA, but S2 and S3 children compensated with correspondingly more out-ofschool PA, so that TPA between the three schools was no different: 35.6 (34.3-36.9), 37.3 (36.0-38.6) and 36.2 (34.9-37.5) Units, respectively (P ¼ 0.38). Conclusions: The PA of children seems to compensate in such a way that more activity at one time is met with less activity at another. The failure of PA programmes to reduce childhood obesity could be attributable to this compensation.
Introduction
Body mass is maintained by a dynamic balance between energy intake and energy expenditure (the energy equation), and most programmes to reduce body weight apply the paradigm intuitively, attempting to reduce calorie intake and/or to increase physical activity (PA). However, simple interventions have had little success with the prevention of childhood obesity. [1] [2] [3] When such initiatives fail, the response also tends to be intuitiveFeither the programme was not sufficient or compliance was poor. The paradigm itself is not always questioned. The energy equation is incontrovertible, so why are the results of PA interventions on weight reduction so disappointing? One immediate issue is the relatively small contribution that PA makes to total energy expenditure, and another may be the non-caloric factors that influence energy balance. 4 Of course, it is first necessary to increase PA levels, but even the most intense programmes in children have recorded little change. 5 One explanation here could be that more PA imposed at one time is met with correspondingly less PA at another. The intervention might be successful for its duration, but not detected in a measure of total activity because of subsequent compensation. The term 'activitystat', meaning the central control of PA according to a set point for energy expenditure, was first coined by Rowland, 6 and could explain the difficulties of trying to override a child's habitual activity.
To explore the activitystat principle, it would be necessary to first isolate the intervention in time, and then establish whether activity decreased by a corresponding amount subsequently. Given these considerations, we exploited an existing situation in which some children were routinely undertaking substantially more PA during school time than were others, and explored the hypothesis that measurably higher levels of activity at one time would be compensated for by lesser activity at another. 7 
Participants and methods

Participants
We examined a single cohort of 215 healthy children from South-west England (120 boys and 95 girls, aged 8-10 years), attending three primary schools that represented the extremes of socioeconomic privilege, sporting facilities and time allocated to PE (physical education). School 1 (S1) was an out-of-town private preparatory school with 4100 acres of playing fields and extensive sports facilities, which allocated on average 9.2 h to PE each week. Overall, 23 of the 67 children (34%) were boarders. School 2 (S2) was a village state primary school with some grass playing areas and Activemark Gold status (awarded by Sport England for interest in the physical well-being of children), offering an average of 2.4 h of PE each week. School 3 (S3) was an innercity primary school with limited space for sporting facilities and an average of 1.7 h of PE each week.
All children in the same three academic years (Y3, Y4 and Y5) at the three schools were invited to participate, and recruitment stopped when the target of 70 children from each school was reached. On a scale of annual family income ranging from 1 (d10 k or under) to 6 (d50 k and above), the median (and interquartile range) was 6 (5-6) for children attending S1, 5 (3-6) for S2 and 3 (2-3) for S3. All except two children (o1%) were White Caucasian.
Schools supplied an updated timetable for PE during each school term and for each academic year. Written consent and assent were obtained from parents and children, respectively. 
Measurements
Each school was visited at 0830 hours by the same two researchers, and children's height and weight were measured for body mass index. 8 PA measurements were repeated on 4 occasions over 12 months and during 3 consecutive weeks for each school. Physical activity was recorded between 0600 hours and 23 hours using Actigraph accelerometers (formerly MTI and CSA-Fort Walton Beach, FL, USA), which have proven to be reliable in children. [9] [10] [11] The devices, adjusted on an elasticated belt and worn on the right hip, were set to capture activity counts in epochs of 1 min for 7 consecutive days. With help from the parent, guardian or teacher, children reported 'blank' periods when the device was removed (swimming or safety requirement during contact sports). To be included in the analyses, the monitor had to be worn for a minimum of 10 h per day, on at least 3 school days and 1 weekend day. We defined total PA (TPA) as the sum of counts recorded in each minute, and moderate-and-vigorous To further check for consistency, children were asked during the final term to keep a diary which gave details of their daily activitiesFtype, time of the day and duration.
Statistical analysis
All statistical analyses were performed using the freeware 'R', version 2.8.1 (http://www.r-project.org/). Statistical significance level was set at Po0.05. Descriptive data were summarized as medians and interquartile range. Differences between groups were tested with non-parametric KruskallWallis and post hoc Bonferroni-corrected Wilcoxon tests. Boarding pupils at S1 did not differ in PA variables from day pupils, and were analyzed together as a single group.
Physical activity was adjusted for accelerometer sensitivity (measured under controlled conditions using a motorized turntable) 13 by linear regression modelling. Random 'blank' periods of inactivity that exceeded 17 min (assumed to mean unscheduled removal of the accelerometer, based on our own unpublished studies of immobility patterns in 40 children) were replaced with the mean accelerometer counts recorded at the same clock time on the other week or weekend days. Periods that related to removal of the accelerometer for contact sports and swimming were imputed according to the MET equivalents proposed by Ainsworth et al., 14 and on the rare occasions when the accelerometer was not worn for PE lessons, by averaging all the other lessons when it had been worn. Environmental confounders (seasonal variability) were introduced into the analysis in accordance with each child's specific week of sampling. Thus, local rainfall (expressed as a percentage of rainfall time between 0800 hours and 2100 hours) 15 and hours of daylight after school and on weekend days (averaged over the 7-day period), 16 were accounted for using age-and gender-adjusted linear models for each school throughout the four terms. Measures of PA did not always reach normality at each term and for each school when grouping by gender, and the data are presented as medians and interquartile range. The habitual TPA and MVPA of each child were established from individual intercepts obtained from a linear mixedeffects model on the four repeated measures. This multilevel approach is robust against missing data and also allows both within-and between-subject variability to be accounted for in the analysis. Intra-class correlations were calculated to establish the reliability of repeated measures over simple measures. Summary results are presented as means with 95% confidence intervals.
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Power calculations were performed for differences of moderate effect size (for example, 0.5 s.d.), which corresponds to 2.7 Units of weekly TPA. The sample size was sufficient to detect such a difference with a power of 82% (Po0.05).
Results
Of the 215 children recruited, 9 failed to comply with the accelerometer requirements at all 4 time points. Of the 206 children who recorded at least 1 week of PA required for inclusion, 93 had usable data for all 4 weeks, 61 for 3, 29 for 2 and 23 for only 1. Reasons for non-inclusion of a measure were sickness (1% of the recordings), faulty accelerometer (3%) and insufficient recording time (22%). There was no difference in the proportion of missing measurements between schools (Pearson's w 2 : P ¼ 0.10), and the PA of children who had some missing measurements was no different from that of children with all four measures (P ¼ 0.38).
Characteristics of the three cohorts are described in Table 1 . There were no significant differences in mean age, height, weight or body mass index. There were fewer girls in S1, but the sexes are analyzed separately.
Reliability of the PA measure. In total, 636 measures of PA derived from 206 children were included in the analyses, resulting in an average of 3.1 repeated measures per child. This provided some 93% reliability in the measure of TPA (mean intra-class correlation ¼ 0.86) compared with 82% for a single measure. The reliability of MVPA improved similarly. In both cases, the proportion of total variance accounted for by between-subject differences (that is, intra-class correlation) was high, suggesting consistency in the individual measurements of PA throughout the four terms.
Environmental confounders. The PA recorded from children at each school is presented for each term in Table 2 , along with mean local rainfall and daylight hours. Rainfall and daylight hours together explained B4% of the variation in TPA and MVPA. For example, every additional hour of daylight was associated with an extra 2 min of MVPA per day. Throughout the four terms, there were no systematic differences in TPA or MVPA between the schools for either gender, before or after adjustment for rainfall and daylight.
PA and school attended. Table 3 presents the results from the mixed-effects models for habitual weekly TPA and MVPA once within-subject variability was accounted for. Gender was the strongest predictor. Girls were systematically less active than boys, explaining 11.4% of the between-subject variance in TPA, and 21.0% in MVPA. The school attended explained only 1.4% of the variance in MVPA and none for TPA. The full modelFincluding gender, age and school as explanatory variablesFexplained 13.4% of the betweensubject variance in TPA and 22.1% in MVPA. Age-and gender-adjusted mean estimates for habitual PA in the three schools are shown in Figure 1 . S1 children recorded on average 19.4 (19.1-19.7) Units of in-school TPA weekly, compared with 11.8 (11.5-12.1) Units for S2 and 11.9 (11.6-12.3) for S3 children. Thus, children from S1 were B64% more active in school than were children from the two other schools (Po0.001). However, children from S2 and S3 appeared to compensate once they were out of school, and recorded 25. Activity diaries. Children from all three schools reported time spent in out-of-school PA (football, rugby, dance, horse riding, squash, athletics, swimming, cycling, martial arts, ice skating, cricket, climbing, trampoline, netball, bench ball, hockey, tennis, climbing, gym, badminton). Children in S1 reported the least PA out of school (average 74 min weekly), followed by children in S3 (B155 min). Children in S2 reported the most activity outside school time (B255 min), most of which was spent immediately after school hours, but within the school environment. 
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Discussion
We undertook an observation study to explore the activitystat hypothesis, which proposes that the PA of children is controlled centrally by the brain rather than peripherally by the environment. The hypothesis predicts that more activity at one time will be compensated for by less activity at another, in defence of an individual's set point. To this end, few studies have examined the PA of children out of school and in school, which is essential if compensation is to be detected. A pilot study undertaken some years ago implied that children did indeed compensate, 17 so we have extended it here, repeating the measures on four separate occasions throughout the school year to establish reliability and adjusting for potential confounders. Despite substantial differences between the schools in school-time activity, we were unable to demonstrate differences in overall activity. Children attending a high-provision school recorded 64% more PA during school hours, but their total weekly activity was no different. The findings support the activitystat hypothesis that more activity at one time is compensated for by less at another. It is important to emphasize that our purpose was not to evaluate school PE. The schools were selected solely because they provided differences in PA during a defined period of time that was required to establish whether compensation occurred at other times.
This study has strengths and limitations. Although observational, it had the advantage over many experimental studies of testing differences in school-time PA that were substantial and readily measurable. The measurements were assessed objectively using validated methods. The study was conducted on a comparatively small number of children, but the repeated measures design revealed good reproducibility and it gives robustness to the findings. In addition, power calculations confirmed that sample size was adequate to detect meaningful differences. We nevertheless checked for consistency and possible non-compliance out of school with timed activity diaries. The diary reports corresponded to the accelerometer data. A limitation of the study could be the potential confounding effect of socioeconomic background with PA. However, no trend was detected between the two in any of the schools (P40.70), and a previous report by Voss et al., 18 on a different cohort of similar age, suggested that PA in children does not vary across a wide range of socioeconomic status and family income. The subjects were 99% Caucasian, which lends homogeneity to the cohort, but limits generalisibility of the findings. Another limitation 
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AE Frémeaux et al might be the threshold chosen to define MVPA, which is lower than some others. It is nevertheless equivalent to 3 METs, the criterion adopted by the UK Department of Health. Even then, only B10% of UK girls of this age achieve this intensity for the recommended 60 min per day. 12 Finally, some have argued that shorter epoch times are required to properly resolve MVPA, 19 but our conclusions rely principally on TPA.
It is intuitive to expect that more PA at school will result in more activity overall, but the cited literature needs careful scrutiny. Much of it in the past was based on self-report, which is subject to bias and correlates poorly (rB0.30) with objective measurements. [20] [21] [22] More recent studies, using accelerometers, show minimal effect, or none at all.
23-25
Sallis and colleagues, 26, 27 who have worked extensively in this area, showed the potential for increasing PA during PE lessons, but did not achieve their goal of promoting and increasing regular PA outside school as a result. 26 Again, an intervention study in Swedish primary schools, in which 6-10 year-old children were given an extra 30 min of PE each day, failed to record a difference in overall PA between the intervention and control groups. 28 Most recently, a randomized school-time intervention among Swiss school children resulted in a substantial increase in in-school activity, but compensation out of school to the extent that there was no change overall in total activity. 29 If provision is not the determinant of PA in children, what is? Energy expenditure seems unlikely to be random, given the evolutionary importance of energy conservation to species survival, and some central neurohumoral circuit or 'activitystat' responsible for controlling PA according to a set point is consistent with the observations. It is likely that the setting of such a loop would be defended, and for that reason difficult to override. The biological control of PA could help to explain why attempts to increase the PA of children over the long term have been largely unsuccessful. 24, 25 Nor are notions of a hypothalamic set point, and of the regulation of children's PA by the brain rather than by the environment, entirely conjectural. Wheel-running behaviour in rodents can be selected for genetically, 30 and the hypothalamic pathways involved are currently being explored.
31-34
Finally, we are concerned that these findings be interpreted in context. There is overwhelming evidence that suggests that PA is important for metabolic fitness, 12, 35 and the benefits of PA to motor skills development, well-being, self-confidence and social inclusiveness are widely 
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Out-of-school In-school ***p<0.001 S1 S2 S3 S1 S2 S3 Figure 1 Habitual physical activity estimates for the three schools. Age-and gender-adjusted means and 95% CI (total weekly).
Activitystat hypothesis AE Frémeaux et al recognized. Our observations do not question the value of PA in children, but they do question the role of the environment in controlling it. We set out to explore whether more activity at one time would be met with a compensatory reduction at another. It will now be important to devise interventions to test whether the range of PA displayed by children relates to a range of intrinsic set points rather than to a range of environmental opportunities.
